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SEMICONDUCTOR INTEGRATED CIRCUIT AND 
WIRELESS COMMUNICATION APPARATUS 



Technical Field 
[0001] 

The present invention relates to a semiconductor 
integrated circuit and a wireless communication apparatus, 
and to a semiconductor integrated circuit having a function 
of a non-contact IC card and a reader /writer for the non- 
contact IC card and to a wireless communication apparatus. 
Background Art 
[0002] 

Recently, a management system of commuter pass 
information and electronic money information that makes use 
of a non-contact IC card is becoming widespread, and, a user 
can, for example, pass through a ticket gate only by causing 
a non-contact IC card, in which commuter pass information is 
stored, to approach a ticket-check machine or can make 
payment for a commodity using electronic money only by 
causing a non-contact IC card, in which electronic money 
information is stored, to approach a wireless reader /writer . 
[0003] 

Incidentally, a mobile phone is one of goods carried by 



- 2 - 

S05P1158 

the user at all times, and, recently, a mobile phone 
provided with the non-contact IC card function described 
above is commercially available- The user can not only make 
various types of communication such as phone call, e-mail, 
and the like but also pass through a ticket gate or make a 
payment for a commodity making use the mobile phone, which 
is very convenient. 
[0004] 

Further, it is also proposed to provide a terminal such 
as a mobile phone and the like with a wireless reader /writer 

(hereinafter, simply referred to as reader /writer ) function 
for non-contact IC card, in addition to a non-contact IC 
card function (refer to, for example, Patent Document 1). 
With this arrangement, a user can not only cause an external 
reader/writer to read predetermined data from the mobile 
phone but also rewrite the information stored in an external 
non-contact IC card by making use of the reader /writer 
mounted on the mobile phone. 

[0005] 

When the terminal such as the mobile phone and the like 
is provided with both the non-contact IC card function and 
the reader/writer function, it is contemplated to realize 
both the functions by an LSI (Large Scale Integration) for 
non-contact IC card and an LSI for reader /writer each 
composed of a different chip or to realize the both 
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functions by an LSI composed of one chip having both the 

functions . 

[0005] 

Fig, 1 shows a constitutional example of a non-contact 
IC card reader /writer 1 composed of a one chip LSI having 
both the non-contact IC card function and the reader/writer 
function. The non-contact IC card reader /writer 1 is 
composed of a semiconductor integrated circuit 11 and two 
antennas 12 and 13. The semiconductor integrated circuit 11 
has a non-contact IC card circuit 21, a reader /writer 
transmitter circuit 22, and a reader /writer receiver circuit 
23. The antenna 12 has a resonant circuit composed of a 
loop coil 31 and a capacitor 32. 
[0007] 

Fig. 2 shows a constitutional example of a front end of 
an analog circuit of the non-contact IC card circuit 21 
(hereinafter, referred to as analog front end) of Fig. 1. 
[0008] 

An electromagnetic wave transmitted from a not shown 
external wireless reader /writer (hereinafter, referred to as 
external reader /writer ) is received by the antenna 12 and 
converted into an electric signal (hereinafter, referred to 
as external reader /writer transmission signal). The 
external reader /writer transmission signal is half-wave 
rectified and smoothed by a half-wave rectification and 
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smoothing circuit composed of a diode 41 and a capacitor 42. 
The data transmitted from the external reader /writer is 
obtained based on the half-wave rectified and smoothed 
external reader /writer transmission signal as well as the 
power obtained from the thus rectified and smoothed 
transmission signal is stabilized and made to a 
predetermined direct current by a clamp circuit 43 and a 
voltage regulator (Reg) 45 and supplied to the respective 
units of the semiconductor integrated circuit 11 as a power 
source . 
[0009] 

Further, the external reader /writer transmission signal 
is supplied to a carrier detection circuit 46 and a clock 
extraction circuit 47. The carrier detection circuit 46 
detects whether or not an electromagnetic wave (carrier 
wave) is radiated from the external reader /writer , that is, 
whether or not the external reader /writer is caused to 
approach the non-contact IC card reader /writer 1 based on 
whether or not the external reader /writer transmission 
signal is supplied from the antenna 12 and supplies a signal 
showing a result of detection to the respective units of the 
semiconductor integrated circuit 11. The clock extraction 
circuit 47 extracts a clock component from the external 
reader/writer transmission signal and supplies the extracted 
clock component to the respective units of the semiconductor 
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integrated circuit 11 as a clock signal . 
[0010] 

Further, the non-contact IC card circuit 21 transmits 
data to the external reader/writer by changing the load of 
an antenna of the external reader /writer that is 
electromagnetically coupled through the antenna 12 by 
turning on or off a switch disposed in a load switch 43. 
[0011] 

As described above, the analog front end of the non- 
contact IC card circuit 21 constitutes an asymmetric circuit 
with respect to the antenna 12. 
[0012] 

Returning to Fig. 1, the reader /writer transmitter 
circuit 22 modulates a transmission carrier signal having a 
predetermined frequency according to data to be transmitted 
to a not shown non-contact IC card located to the outside 
(hereinafter, referred to as external non-contact IC card) 
and transmits the modulated signal to the external non- 
contact IC card through the antenna 13. 

The reader/writer transmitter circuit 22 is differentially 
driven at both the ends of the antenna 13 to effectively 
transmit the signal to the external non-contact IC card with 
a less amount of power. Specifically, the reader /writer 
transmitter circuit 22 outputs a signal obtained by 
superimposing the transmission carrier signal with the 
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transmission data from an output terminal TP as well as 
output an inverted-phase signal, which is obtained by 
inverting the polarity of the signal output from the output 
terminal TP, from an output terminal TM. 
[0013] 

The reader/writer receiver circuit 23 receives a 
response signal transmitted from the external non-contact IC 
card and obtains received data by demodulating the data of 
the signal. Since the reader /writer receiver circuit 23 
must capture a minute variation of a magnetic field 
resulting from the modulation of the load of the external 
non-contact IC card, it obtains the response signal by the 
differential voltage between the both the ends of the 
antenna 13. 
[0014] 

Accordingly, the not shown analog front ends of the 
reader/writer transmitter circuit 22 and the reader /writer 
receiver circuit 23 are arranged as asymmetric circuit with 
respect to the antenna 13. 
[0015] 

Further, also in the invention according to Patent 
Document 1, an analog front end of a non-contact IC card 
portion is composed of a half-wave rectification circuit 
that is asymmetric to an antenna, and the analog front end 
of a reader/writer portion is operated by a differential 



- 7 - 

S05P1158 

signal and composed of a circuit symmetrical to the antenna 
likewise the circuits shown in Figs. 1 and 2. 

[Parent Document 1] Japanese Unexamined Patent 
Application Publication No. 2004-151750 
[0016] 

A chip (LSI) having both the non-contact IC card 
function and the reader /writer function such as the non- 
contact IC card reader /writer 1 has a problem in that the 
chip must be more reduced in size so that it can be mounted 
on a terminal such as a mobile phone and the like as 
described above. 
[0017] 

However, the non-contact IC card reader /writer 1 shown 
in Fig. 1 is disadvantageous in that the size of the chip is 
increased because the circuit for realizing the IC card 
function and the antenna and the circuit for realizing the 
reader/writer and the antenna are provided definitely 
independent of each other. 
[0018] 

Further, the invention disclosed in Patent Document 1 
is disadvantageous in that a chip is increased in size 
because the circuit of the non-contact IC card portion is 
disposed independently of the circuit of the reader /writer 
portion although the antenna is commonly used by the non- 
contact IC card portion and the reader /writer portion. 
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Further, the invention disclosed in Patent Document 1 has a 
problem in that since the two circuits, which are 
incompatible to each other, of the analog front end of the 
reader/writer portion symmetrical to the antenna and the 
analog front end of the non-contact IC card portion 
asymmetric to the antenna are used by being connected to the 
single antenna, the receiving sensitivity of the 
reader/writer portion and the transmission sensitivity of 
the reader /writer portion are deteriorated. 
[0019] 

An object of the present invention, which was made in 
view of the above circumstances, is to more reduce the size 
of a chip having a non-contact IC card function and a 
reader/writer function without deteriorating the receiving 
sensitivity and the signal transmission efficiency. 
Disclosure of Invention 
[0020] 

In a semiconductor integrated circuit of the present 
invention which has a non-contact IC card function and a 
wireless reader /writer function for non-contact IC card and 
to which a first antenna is connected to carry out 
communication with a non-contact IC card or a wireless 
reader /writer for non-contact IC card each placed in the 
vicinity of the semiconductor integrated circuit, the 
semiconductor integrated circuit comprises a demodulation 
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means for demodulating a first received signal transmitted 
from the wireless reader /writer and received through the 
first antenna or a second received signal transmitted from 
the non-contact IC card, an full-wave rectification and 
smoothing means for subjecting the first received signal to 
full-wave rectification and smoothing, a first transmission 
means for transmitting a first transmission signal to the 
wireless reader /writer through the first antenna, and a 
second transmission means for transmitting a second 
transmission signal to the non-contact IC card through the 
first antenna. 
[0021] 

The semiconductor integrated circuit may further 
comprises a stabilization means for stabilizing the power 
obtained from the first received signal subjected to the 
full-wave rectification and smoothing by the full-wave 
rectification and smoothing means. 
[0022] 

The first transmission means may be connected behind 
the full-wave rectification and smoothing means as well as 
transmit the first transmission signal by changing the load 
of a second antenna of the wireless reader /writer 
electromagnetically coupled with the first antenna. 
[0023] 

An end of the second transmission means may be 
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connected to an end of the first antenna, and the other end 
of the second transmission means may be connected to an 
intermediate tap of the first antenna. 
[0024] 

The second transmission means may transmit the second 
transmission signal that is a differential signal created 
based on a transmission carrier signal having a 
predetermined frequency and data to be transmitted to the 
non-contact IC card. 
[0025] 

The demodulation means may demodulate the first 
received signal as the differential signal or the second 
received signal as the differential signal. 
[0026] 

In a wireless communication apparatus of the present 
invention which has a non-contact IC card function and a 
wireless reader /writer function for non-contact IC card and 
carries out communication with a non-contact IC card or a 
wireless reader /writer for non-contact IC card each placed 
in the vicinity of the wireless communication apparatus, the 
wireless communication apparatus comprises an antenna for 
carrying out communication with the non-contact IC card or 
the wireless reader /writer , a demodulation means for 
demodulating a first received signal transmitted from the 
wireless reader /writer and received through the antenna or a 
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second received signal transmitted from the non-contact IC 
card, an full-wave rectification and smoothing means for 
subjecting the first received signal to full-wave 
rectification and smoothing, a first transmission means for 
transmitting a first transmission signal to the wireless 
reader /writer through the antenna, and a second transmission 
means for transmitting a second transmission signal to the 
non-contact IC card through the antenna. 
[0027] 

In the semiconductor integrated circuit and the 
wireless communication apparatus of the present invention, 
the first received signal transmitted from the wireless 
reader/writer and received through the antenna for carrying 
out communication with the non-contact IC card or the 
wireless reader /writer or the second received signal 
transmitted from the non-contact IC card is demodulated, the 
first electric signal is full-wave rectified and smoothed, 
the first transmission signal is transmitted to the wireless 
reader /writer through the antenna, and the second 
transmission signal is transmitted to the non-contact IC 
card through the antenna. 
Advantages of the Invention 
[0028] 

According to the present invention, communication can 
be made with an external wireless reader /writer for non- 
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contact IC card and with an external non-contact IC card. 
Further, according to the present invention, the 
semiconductor integrated circuit and the wireless 
communication terminal having the non-contact IC card 
function and the wireless reader /writer function for non- 
contact IC card can be reduced in size without deteriorating 
a receiving sensitivity and a transmission efficiency. 
Brief Description of the Drawings 
[0029] 

Fig. 1 is a blo.ck diagram showing a constitutional 
example of a conventional non-contact IC card reader /writer . 

Fig. 2 is a block diagram showing a constitutional 
example of the analog front end of the conventional non- 
contact IC card circuit of Fig. 1. 

Fig. 3 is a block diagram showing an embodiment a 
semiconductor integrated circuit to which the present 
invention is applied. 

Fig. 4 is a view showing an embodiment of a non-contact 
IC card reader /writer to which the present invention is 
applied . 

Fig. 5 is a view showing a load switch of Fig. 4 in 
detail . 

Fig. 6 is a view showing a reader /writer transmitter 
circuit of Fig. 4 in detail. 

Fig. 7 is a view showing another embodiment of the non- 
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contact IC card reader /writer to which the present invention 
is applied. 

Fig. 8 is a view showing still another embodiment of 
the non-contact IC card reader /writer to which the present 
invention is applied. 

Fig. 9 is a view showing yet still another embodiment 
of the non-contact IC card reader /writer to which the 
present invention is applied. 

Fig. 10 is a block diagram showing an embodiment of a 
mobile phone to which the present invention is applied. 
Reference Numerals 
[0030] 

101: semiconductor integrated circuit, 111: analog 
front end section, 112: SPU, 113: CPU, 117: non-volatile 
memory, 141: voltage stabilization unit, 142: load switch, 
143: carrier detection circuit, 144: power supply detection 
circuit, 145: power supply control circuit, 147: clock 
extraction circuit, 148: clock selector, 149: ASK 
demodulation circuit, 150: digital signal conversion unit, 
151: reader/writer transmission circuit, 201: non-contact IC 
card reader/writer, 211: antenna, 231, 232: diode, 233: 
capacitor, 234: clamp circuit, 235: voltage regulator, 251: 
transmission data supply unit, 252: FET, 253: resistor, 271: 
transmission carrier supply unit, 272: transmission data 
supply unit, 273 to 277: inverter, 301: non-contact IC card 
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reader/writer, 311: semiconductor integrated circuit, 312, 
313: diode, 411: analog front end section, 401: non-contact 
IC card reader/writer, 411: antenna, 412, 413: diode, 501: 
non-contact IC card reader/writer, 601: mobile phone, 618: 
CPU 

Best Mode for Carrying Out the Invention 
[0031] 

Embodiments of the present invention will be described 
blow with reference to the drawings. 
[0032] 

Fig. 3 is a block diagram showing an example of a 
semiconductor integrated circuit 101 to which the present 
invention is applied. The semiconductor integrated circuit 
101 is composed of an analog front end section 111, an SPU 
(Signal Processing Unit) 112, a CPU (Central Processing 
Unit) 113, an encrypt circuit 114, a RAM (Random Access 
Memory) 115, a ROM (Read Only Memory) 116, a non-volatile 
memory 117, and an UART (Universal Asynchronous Receiver 
Transmitter) 118. The analog front end section 111 is 
connected to the SPU 112, and the SPU 112, the CPU 113, the 
encrypt circuit 114, the RAM 115, the ROM 116, the non- 
volatile memory 117, and the UART 118 are connected to each 
other through a bus 119. Further, the semiconductor 
integrated circuit 101 is provided with external terminals 
RC, XIN, XOUT, RP, RM, TP, TM, VDD, TXD, and RXD as well as 



- 15 - 

S05P1158 

a ground terminal GND. The UART 118 is connected to the 

external terminals XTD and RXD . 

[0033] 

The semiconductor integrated circuit 101 has a non- 
contact IC card function and an IC card wireless 
reader/writer (hereinafter, simply referred to as 
reader/writer) function for non-contact IC card. As will be 
described later with reference to Fig, 4, when an antenna is 
connected to the analog front end section 111 (external 
terminals RC, XIN, XOUT, RP, RM, TP, and TM) and the 
semiconductor integrated circuit 101 operates as a non- 
contact IC card, the semiconductor integrated circuit 101 
communicates with an external wireless reader/writer 
(hereinafter, referred to as external reader /writer ) through 
the antenna connected to the analog front end section 111, 
whereas when the semiconductor integrated circuit 101 
operates as a reader/writer, it communicates with a non- 
contact IC card disposed externally (hereinafter, referred 
to as external non-contact IC card) through the antenna 
connected to the analog front end section 111. 
[0034] 

Note that the signal transmitted from the external 
reader/writer to the semiconductor integrated circuit 101 is 
called an external reader /writer transmission signal, and 
the signal transmitted from the external non-contact IC card 
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to the semiconductor integrated circuit 101 is called an 
external non-contact IC card transmission signal. Further, 
when the semiconductor integrated circuit 101 operates as 
the reader/writer, the signal transmitted from the 
semiconductor integrated circuit 101 to the external non- 
contact IC card through the antenna connected to the analog 
front end section 111 is called an incorporated 
reader/writer transmission signal, and when the 
semiconductor integrated circuit 101 acts as the non-contact 
IC card, the signal transmitted from the semiconductor 
integrated circuit 101 to the external reader /writer through 
the antenna connected to the analog front end section 111 is 
called an incorporated IC card transmission signal. Further, 
the data transmitted by the external reader /writer 
transmission signal is called external reader /writer 
transmission data, the data transmitted by the external IC 
card transmission signal is called external IC card 
transmission data, the data transmitted by the incorporated 
reader/writer transmission signal is called incorporated 
reader/writer transmission data, and the data transmitted by 
the incorporated IC card transmission signal is called 
incorporated IC card transmission data. 
[0035] 

The analog front end section 111 is composed of a 
voltage stabilization unit 141, a load switch (SW) 142, a 
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carrier detection circuit 143, a power supply detection 
circuit 144, a power supply control circuit 145, an 
oscillator 146, a clock extraction circuit 147, a clock 
selector 148, an ASK demodulation circuit 149, a digital 
signal conversion unit 150, and a reader /writer (R/W) 
transmission circuit 151. The voltage stabilization unit 
141 and the load switch (SW) 142 are connected to the 
external terminals RC, the oscillator 146 is connected to 
the external terminals XIN and XOUT, the carrier detection 
circuit 143, the clock extraction circuit 147, and the ASK 
demodulation circuit 149 are connected to the external 
terminals RP and RM, the reader /writer transmission circuit 
151 is connected to the external terminals TP and TM, and 
the power supply detection circuit 144 and the power supply 
control circuit 145 are connected to the external terminal 
VDD. 
[0036] 

The voltage stabilization unit 141 is composed of, for 
example, a clamp circuit and a voltage regulator, stabilizes 
the power obtained from the external reader /writer 
transmission signal received from the external reader /writer 
through the external terminal RC to a predetermined direct 
voltage as described below with reference to Fig. 4 and 
supplies the power (hereinafter, referred to as external 
reader /writer power) to the power supply control circuit 145. 
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[0037] 

As will be described below with reference to Fig. 5, 
when the semiconductor integrated circuit 101 operates as 
the non-contact IC card, it transmits the incorporated IC 
card transmission signal to the external reader /writer by 
changing the load of the antenna of the external 
reader/writer electromagnetically coupled with the antenna 
connected to the analog front end section 111 by turning on 
or off a switch disposed in the load switch 142 based on the 
incorporated IC card transmission data supplied from the SPU 
112 . 
[0038] 

The carrier detection circuit 143 detects whether or 
not the external reader /writer is caused to approach the 
antenna connected to the analog front end section 111 and 
the electromagnetic wave (carrier wave) radiated from the 
external reader /writer is received by the antenna connected 
to the analog front end section 111 by receiving the 
external reader /writer transmission signal through the 
external terminals RP and RM. When the carrier detection 
circuit 143 detects that the external reader /writer 
transmission signal is received, it supplies a signal 
(hereinafter, referred to as external reader /writer 
transmission signal detection signal) showing the result of 
detection to the power supply control circuit 145, 
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[0039] 

The power supply detection circuit 144 detects whether 
or not power (hereinafter , referred to as external power 
supply power) is supplied from an external power supply 
connected to the external terminal VDD, and when the power 
supply detection circuit 144 detects that the power is 
supplied from the external power supply,, it supplies a 
signal (hereinafter, referred to as external power supply 
detection signal) showing the result of detection to the 
power supply control circuit 145. 
[0040] 

The power supply control circuit 145 selects one of the 
external reader /writer power supplied from the voltage 
stabilization unit 141 and the external power supply power 
supplied from the external power supply and supplies the 
selected power to the respective units of the semiconductor 
integrated circuit 101. When, for example, the external 
power supply detection signal is supplied from the power 
supply detection circuit 144, the power supply control 
circuit 145 supplies the external power supply power to the 
respective units of the semiconductor integrated circuit 101, 
whereas when no external power supply detection signal is 
supplied from the power supply detection circuit 144, the 
power supply control circuit 145 supplies the external 
reader/writer power to the respective units of the 
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semiconductor integrated circuit 101. 
[0041] 

When, for example, the semiconductor integrated circuit 
101 is disposed to a mobile phone, a sufficient amount of 
power may not be obtained from the external reader /writer 
transmission signal because the size of the antenna 
connected to the semiconductor integrated circuit 101 is 
restricted or the electromagnetic wave supplied from the 
external reader /writer is shut off by a substrate and the 
like of the mobile phone. In this case, the semiconductor 
integrated circuit 101 can be securely operated by 
connecting a battery of the mobile phone to the external 
terminal VDD as an external power supply and supplying the 
power thereof to the respective units of the semiconductor 
integrated circuit 101. Further, even if the battery of the 
mobile phone is exhausted or even if no power is supplied 
from the external terminal VDD, the semiconductor integrated 
circuit 101 can be continuously operated by switching the 
power of the external reader /writer so that it is supplied 
to the respective units of the semiconductor integrated 
circuit 101. 
[0042] 

Further, the power supply control circuit 145 controls 
the power to be supplied such that it is supplied to the 
respective units of the semiconductor integrated circuit 101 
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only when the external reader /writer transmission signal 
detection signal is received or only when the semiconductor 
integrated circuit 101 operates as the reader /writer . With 
this arrangement, since the power is supplied to the 
respective units of the semiconductor integrated circuit 101 
only when the semiconductor integrated circuit 101 operates, 
the consumption of power of the external power supply 
connected to the external terminal VDD circuit can be saved. 
[0043] 

Further, the power supply control circuit 145 supplies 
a signal (hereinafter, referred to as external reader /writer 
power supply signal) showing that the external reader /writer 
power is supplied from the voltage stabilization unit 141 to 
the clock selector 148. 
[0044] 

The oscillator 146 constitutes a clock circuit together 
with an oscillator such as a crystal oscillator, a ceramic 
oscillator, and the like connected to the external terminals 
XIN and XOUT, creates a clock signal (hereinafter, referred 
to as external oscillation clock signal) having a 
predetermined frequency (for example, 13.56 MHz), and 
supplies the created external oscillation clock signal to 
the clock selector 148. 
[0045] 

The clock extraction circuit 147 extracts the clock 
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component of the external reader /writer transmission signal 
received from the external reader /writer through the 
external terminals RP and RM and supplies the extracted 
clock component to the clock selector 148 as a clock signal 
(hereinafter, referred to as external reader /writer clock 
signal) . 
[0046] 

The clock selector 148 select one of the external 
oscillation clock signal supplied from the oscillator 146 
and the external reader /writer clock signal supplied from 
the clock extraction circuit 147 based on the external 
reader /writer power supply signal supplied from the power 
supply control circuit 145 and supplies the selected clock 
signal to the respective units of the semiconductor 
integrated circuit 101. When, for example, the external 
reader /writer power supply signal is supplied, that is, when 
the external reader /writer power is obtained from the 
external reader/writer transmission signal, the clock 
selector 148 supplies the external reader /writer clock 
signal to the respective units of the semiconductor 
integrated circuit 101, whereas when no external 
reader /writer power supply signal is supplied, that is, when 
the semiconductor integrated circuit 101 operates as the 
reader/writer or when no external reader /writer power is 
obtained from the external reader /writer transmission signal, 
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the clock selector 148 supplies the external oscillation 
clock signal to the respective units of the semiconductor 
integrated circuit 101. 
[0047] 

The ASK demodulation circuit 149 receives the external 
reader/writer transmission signal transmitted from the 
external reader /writer or the external IC card transmission 
signal transmitted from the external non-contact IC card 
through the external terminals RP and RM. The ASK 
demodulation circuit 149 demodulates the external 
reader/writer transmission signal or the external IC card 
transmission signal that is ASK modulated and supplies the 
demodulated signal to the digital signal conversion unit 150. 
That is, in the semiconductor integrated circuit 101, a 
circuit for demodulating the external reader /writer 
transmission signal is commonly used as a circuit for 
demodulating the external IC card signal. 
[0048] 

Note that the carrier detection circuit 143, the clock 
extraction circuit 147, and the ASK demodulation circuit 149 
are operated by a differential voltage of the signal input 
to the external terminals RP and RM, that is, by the 
external reader /writer transmission signal input as a 
differential signal or to the external IC card transmission 
signal input as a differential signal. Accordingly, the not 
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shown input units of the carrier detection circuit 143, the 
clock extraction circuit 147, and the ASK demodulation 
circuit 149 constitute symmetrical circuits with reference 
to the external terminals RP and RM. 
[0049] 

The digital signal conversion unit 150 amplifies the 
external reader /writer transmission signal or the IC card 
transmission signal supplied from the ASK demodulation 
circuit 149 and subjects the amplified signal to A/D 
(Analog/Digital) conversion. The digital signal conversion 
unit 150 supplies the external reader /writer transmission 
signal or the external IC card transmission signal subjected 
to the A/D conversion to the SPU 112. 
[0050] 

The reader /writer transmission circuit 151 creates a 
transmission carrier signal having a predetermined frequency 
(for example, 13.56 MHz) based on the clock signal supplied 
from the clock selector 148. As will be described referring 
to Fig. 6, the reader /writer transmission circuit 151 
modulates the transmission carrier signal based on the 
incorporated reader /writer transmission data supplied from 
the SPU 112 and transmits the modulated signal (incorporated 
reader /writer transmission signal) to the external non- 
contact IC card through the antenna connected to the analog 
front end section 111. 
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[0051] 

The SPU 112 subjects the external reader /writer 
reproduction signal or the external IC card transmission 
signal obtained from the analog front end section 111 to a 
predetermined processing (for example, conversion of a 
Manchester-coded signal to a signal of an NRZ (Non Return 
Zero) system, confirmation of matching of packets included 
in the received signals, and the like) and supplies the 
processed signals to the CPU 113. Further, the SPU 112 
obtains the incorporated IC card transmission data to be 
transmitted to the external reader /writer or the 
incorporated reader /writer transmission signal to be 
transmitted to the external non-contact IC card from the CPU 
113 and subjects the obtained data to a predetermined 
processing (for example, making the transmission data to 
packets, Manchester coding of the NRZ system transmission 
data, and the like) . The SPU 112 supplies the incorporated 
IC card transmission data subjected to the predetermined 
processing to the load switch 142 and supplies the 
incorporated reader /writer transmission data subjected to 
the predetermined processing to the reader /writer 
transmission circuit 151. 
[0052] 

The CPU 113 controls the processing of the respective 
units of the semiconductor integrated circuit 101. Further, 
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when the external reader /writer indicates the CPU 113 to 
write data at the time the semiconductor integrated circuit 
101 operates as the non-contact IC card, the CPU 113 stores 
the indicated data to the non-volatile memory 117 based on 
the external reader /writer transmission signal. Further, 
when the external reader /writer indicates the CPU 113 to 
read data at the time the semiconductor integrated circuit 
101 operates as the non-contact IC card, the CPU 113 reads 
the indicated data from the non-volatile memory 117 based on 
the external reader /writer transmission signal, creates 
incorporated IC card transmission data for transmitting the 
read data, and supplies the created incorporated IC card 
transmission data to the SPU 112. 
[0053] 

When data is read from the external non-contact IC card 
at the time the semiconductor integrated circuit 101 
operates as the reader /writer , the CPU 113 creates 
incorporated reader /writer transmission data for indicating 
the read and supplies the created incorporated reader /writer 
transmission data to the SPU 112. Further, when data is 
written to the external non-contact IC card at the time the 
semiconductor integrated circuit 101 operates as the 
reader/writer, the CPU 113 creates incorporated 
reader/writer transmission data for indicating the write and 
supplies the created incorporated reader /writer transmission 
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data to the SPU 112. 
[0054] 

The CPU 113 supplies the external reader/writer 
transmission signal or the external IC card transmission 
signal obtained from the analog front end section 111 to the 
encrypt circuit 114 as necessary and decrypts the encrypted 
signal. Further, the CPU 113 supplies the incorporated IC 
card transmission data to be transmitted to the external 
reader/writer or the incorporated reader /writer transmission 
data to be transmitted to the external non-contact IC card 
to the encrypt circuit 114 as necessary and encrypts the 
supplied data. 
[0055] 

The CPU 113 stores the external reader /writer 
transmission data obtained from the external reader /writer 
transmission signal or the external IC card transmission 
data obtained from the external IC card transmission signal 
to the RAM 115 or the non-volatile memory 117 or transmits 
the transmission data to an external information processing 
apparatus, which is connected to the terminals TXD and RXD, 
through the UART 118 as necessary. Further, the CPU 113 
obtains the data, the control signal, and the like input 
from the external information processing apparatus, which is 
connected to the terminals TXD and RXD, through the UART 118. 
[0056] 



- 28 - 

S05P1158 

The encrypt circuit 114 encrypts data and decrypts the 
encrypted data under the control of the CPU 113. 
[0057] 

The RAM 115 stores a program used to carry out the 
processing of the SPU 112 or the CPU 113 and parameters and 
data that are appropriately changed in the execution of the 
processing . 
[0058] 

The ROM 116 stores basically fixed data of the program 
and the arithmetic operation parameters used by the CPU 113. 
[0059] 

The non-volatile memory 117 is composed of a rewritable 
non-volatile memory such as an EE PROM (Electrically Erasable 
and Programmable Read Only Memory) , MRAM (Magnetoresistive 
Random Access Memory), FeRAM (Ferroelectric Random Access 
Memory), OUM (Ovonic Unified Memory), and the like. The 
non-volatile memory 117 stores, for example, various types 
of data that is indicated to be written thereto by the 
external reader /writer and continuously stores the data even 
after the power supplied to the non-volatile memory 117 is 
interrupted . 
[0060] 

The UART 118 is connected to the external information 
processing apparatus through the external terminals TXD and 
RXD and controls the communication therewith. 
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[0061] 

Fig. 4 is a view showing an embodiment of a non-contact 
IC card reader /writer 201 using the semiconductor integrated 
circuit 101 of Fig. 3. The non-contact IC card 
reader/writer 201 is composed of the semiconductor 
integrated circuit 101, an antenna 211, capacitors 212 and 
213, and an oscillator 214 and arranged as, for example, one 
module. Note that Fig. 4 shows only the analog front end 
section 111 of the semiconductor integrated circuit 101 and 
the other portions thereof are omitted. Further, the analog 
front end section 111 is shown in more detail in Fig. 4 than 
in Fig. 3. Further, the portions in Fig. 4 that correspond 
to those in Fig. 3 are denoted by the same reference 
numerals and the repeated description thereof is 
appropriately omitted . 
[0062] 

As compared with Fig. 3, Fig. 4 additionally shows 
diodes 231 and 232 and a capacitor 233 in the analog front 
end section 111, and shows the voltage stabilization unit 
141 of Fig. 3 by separating it to a clamp circuit 234 and a 
voltage regulator (Reg) 235. Further, as compared with Fig. 
3, Fig. 4 separately shows the external terminals RP and RM 
of Fig. 3 as each three external terminals, that is, 
external terminals RP1 to RP3 and external terminals RM1 to 
RM3 as well as makes such a modification that the external 
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terminals RP1 to RP3 are connected externally of the 
semiconductor integrated circuit 101 and the external 
terminals RM1 to RM3 are connected externally of the 
semiconductor integrated circuit 101. 
[0063] 

The antenna 211 has a resonant circuit composed of a 
loop coil 221 and a capacitor 222. An end of the antenna 
211 is connected to external terminals RP1 to RP3 of the 
semiconductor integrated circuit 101 and to an end of the 
capacitor 212. The other end of the antenna 211 is 
connected to external terminals RM1 to RM3 of the 
semiconductor integrated circuit 101 and to an end of the 
capacitor 213. Further, an intermediate tap is extracted 
from a center of the loop coil 221 of the antenna 211 and 
connected to an external terminal RC of the semiconductor 
integrated circuit 101. As described later, communication 
with an external reader /writer and communication with an 
external non-contact IC card are carried out through the 
common antenna 211. 
[0064] 

An end of the capacitor 212, which is different from 
the end thereof connected to the one end of the antenna 211, 
is connected to an external terminal TP. An end of the 
capacitor 213, which is different from the end thereof 
connected to the one end of the antenna 211, is connected to 
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an external terminal TM. Note that the capacitors 212 and 
213 may be disposed internally of the semiconductor 
integrated circuit 101. 
[0065] 

The oscillator 214, which is composed of, for example, 
a crystal oscillator, ceramic oscillator, and the like, is 
connected to external terminals XIN and XOUT of the 
semiconductor integrated circuit 101. An external power 
supply, for example, a battery and the like is connected to 
an external terminal VDD . 
[0066] 

A cathode of the diode 231 of the analog front end 
section 111 is connected to the external terminal RP1, and 
an anode thereof is grounded. A cathode of the diode 232 is 
connected to the external terminal RM1, and an anode thereof 
is grounded. An end of the capacitor 233 is connected to 
the external terminal RC, and the other end thereof is 
grounded. A center-tap full-wave rectification/smoothing 
circuit, which is a symmetrical circuit with respect to the 
antenna 211, is composed of the diodes 231 and 232 and the 
capacitor 233. 
[0067] 

An end of the clamp circuit 234 is connected to the 
external terminal RC, and the other end thereof is grounded. 
An end of the voltage regulator 235 is connected to the 
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external terminal RC, and the other end thereof is connected 
to a power supply control circuit 145. An ASK demodulation 
circuit 149 is connected to the external terminals RP1 and 
RM1 , a carrier detection circuit 143 is connected to the 
external terminals RP2 and RM2, and a clock extraction 
circuit 147 is connected to the external terminals RP3 and 
RM3. 
[0068] 

Next, the processing of the analog front end section 
111 of the non-contact IC card reader /writer 201 will be 
explained . 
[0069] 

First, the processing of the analog front end section 
111 when the non-contact IC card reader /writer 201 operates 
as the non-contact IC card and receives the external 
reader /writer transmission signal from the external 
reader/writer will be explained. 
[0070] 

When the external reader /writer is caused to approach 
the antenna 211, an electromagnetic wave is radiated from 
the external reader /writer to the antenna 211. The antenna 
211 converts the received electromagnetic wave into an 
electric signal (external reader /writer transmission signal) . 
The external reader /writer transmission signal is a signal 
obtained by ASK modulating a carrier wave having a 
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predetermined frequency (for example, 13.56 MHz), and 
external reader /writer transmission data for indicating to 
write and read data is transmitted by the signal. 
[0071] 

The external reader /writer transmission signal input 
from the external terminal RC is full-wave rectified and 
smoothed by the full-wave rectification/smoothing circuit 
composed of the diodes 231 and 232 and the capacitor 233. 
The clamp circuit 234 and the voltage regulator 235 
stabilize the power (external reader /writer power) obtained 
from the full-wave rectified and smoothed external 
reader/writer transmission signal to a predetermined direct 
current and supplies it to the power supply control circuit 
145 as a power source. 
[0072] 

Further, since an anode of the diode 231 whose cathode 
is connected to the external terminals PR1 to PR3 and an 
anode of the diode 232 whose cathode is connected to the 
external terminals RM1 to RM3 are grounded together, the 
external reader /writer transmission signal is supplied from 
the antenna 211 to the carrier detection circuit 143 through 
the terminals RP2 and RM2 , is supplied from the antenna 211 
to the clock extraction circuit 147 through the terminals 
RP3 and RM3, and is supplied to the ASK demodulation circuit 
149 through the terminals RP1 and RMl . 
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[0073] 

On receiving the external reader /writer transmission 
signal, the carrier detection circuit 143 supplies a 
external reader /writer transmission signal detection signal 
to the power supply control circuit 145. When the power 
supply detection circuit 144 is supplied with the external 
power supply power from the external power supply connected 
to an external terminal VDD, it supplies an external power 
supply detection signal to the power supply control circuit 
145. When the power supply control circuit 145 is supplied 
with the external power supply detection signal from the 
power supply detection circuit 144, it supplies the external 
power supply power to the respective units of the 
semiconductor integrated circuit 101, whereas when the power 
supply control circuit 145 is supplied with no external 
power supply detection signal from the power supply 
detection circuit 144, it supplies the external 
reader /writer power to the respective units of the 
semiconductor integrated circuit 101. 
[0074] 

As described above, in the semiconductor integrated 
circuit 101, since the power supplied to the respective 
units of the semiconductor integrated circuit 101 is 
obtained from the full-wave rectified and smoothed external 
reader/writer transmission signal, a rectification 
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efficiency is more improved than the power obtained from the 
half-wave rectified and smoothed external reader /writer 
transmission signal as in the non-contact IC card circuit 21 
of Fig. 2, thereby a larger amount of power can be obtained 
from the external reader /writer transmission signal. 
[0075] 

Further, the power supply control circuit 145 supplies 
an external reader /writer power supply signal to a clock 
selector 148. 
[0076] 

The oscillator 146 supplies an external oscillation 
clock signal having a predetermined frequency (for example, 
13.56 MHz) to the clock selector 148. The clock extraction 
circuit 147 extracts a clock component from the external 
reader/writer transmission signal and supplies the extracted 
clock component to the clock selector 148 as an external 
reader/writer clock signal. In this case, since the 
external reader /writer power supply signal is supplied, the 
clock selector 148 supplies the external reader /writer clock 
signal supplied from the clock extraction circuit 147 to the 
respective units of the semiconductor integrated circuit 101. 
[0077] 

The ASK demodulation circuit 14 9 demodulates the ASK 
modulated external reader/writer transmission signal and 
supplies the demodulated external reader /writer transmission 
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signal to a digital signal conversion unit 150. The digital 
signal conversion unit 150 amplifies the external 
reader/writer transmission signal, subjects the amplified 
signal to A/D conversion, and supplies the A/D converted 
digital signal to a SPU 112. 
[0078] 

Since the ASK demodulation circuit 149 processes the 
external reader /writer transmission signal by a differential 
signal, the receiving sensitivity of the external 
reader/writer transmission signal is more improved than the 
case in which the external reader /writer transmission signal 
is processed after it is half-wave rectified and smoothed as 
in the non-contact IC card circuit 21 of Fig. 2. Further, 
since the carrier detection circuit 143 and the clock 
extraction circuit 147 also process the external 
reader /writer transmission signal by a differential signal, 
the detection accuracy of the external reader /writer 
transmission signal or the clock component extraction 
accuracy of the external reader /writer transmission signal 
is more improved than the case in which the external 
reader/writer transmission signal is processed by the single 
end signal as in the non-contact IC card circuit 21 of Fig. 
2 . 

[0079] 

Next, the processing of the analog front end section 
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111 when the non-contact IC card reader /writer 201 operates 
as the non-contact IC card and transmits the incorporated IC 
card transmission signal to the external reader /writer will 
be explained. 
[0080] 

Fig. 5 is a view showing a load switch 142 connected 
behind the full-wave rectification and smoothing circuit 
composed of the diodes 231 and 232 and the capacitor 233. 
[0081] 

The load switch 142 is composed of a transmission data 
supply unit 251, an FET (Field Effect Transistor) 252 and a 
resistor 253. An end of the resistor 253 is connected to 
the external terminal RC, and the other end of the resistor 
253 is connected to a drain of the FET 252. A source of the 
FET 252 is grounded, and a gate thereof is connected to the 
transmission data supply unit 251. 
[0082] 

The SPU 112 supplies the incorporated IC card 
transmission data to be supplied to the external 
reader/writer to the transmission data supply unit 251 under 
the control of the CPU 113. Note that the incorporated IC 
card transmission data is set to any of a high value and a 
low value. When the FET 252 is turned on or off based on 
the value of the incorporated IC card data, the resistor 253 
is switched to a state that the resistor 253 is disposed in 
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parallel to the antenna 211 and a state that it is not 
disposed in parallel to the antenna 211 according to the 
value of the incorporated IC card transmission data. With 
this operation, the impedance (the load of an antenna 
disposed to the external reader /writer ) of a circuit 
electromagnetically coupled through the antenna 211 is 
changed, thereby the incorporated IC card transmission 
signal based on the incorporated IC card transmission data 
is transmitted from the non-contact IC card reader /writer 
201 to the external reader /writer . 
[0083] 

Next, the processing of the analog front end section 
111 when the non-contact IC card reader /writer 201 operates 
as the reader/writer and transmits the incorporated 
reader /writer transmission signal to the external non- 
contact IC card will be explained. 
[0084] 

Fig. 6 is a view showing the reader /writer transmission 
circuit 151 in detail. 
[0085] 

The reader /writer transmission circuit 151 is composed 
of a transmission carrier supply unit 271, a transmission 
data supply unit 272, and inverters 273 to 277. 
[0086] 

The transmission carrier supply unit 271 creates a 



- 39 - 

S05P1158 

transmission carrier signal having a predetermined frequency 
(for example, 13.56 MHz) based on the clock signal supplied 
from the clock selector 148 and supplies the created 
transmission carrier signal to the inverters 273, 276, and 
277 . 
[0087] 

The SPU 112 supplies the incorporated reader /writer 
transmission data to be supplied to the external non-contact 
IC card to the transmission data supply unit 272 under the 
control of the CPU 113. The transmission data supply unit 
272 supplies the incorporated reader /writer transmission 
data to the inverters 275 and 277. Note that the value of 
the incorporated reader /writer transmission data is set to 
any of a high value and a low value. 
[0088] 

The inverter 273 supplies an inverted-phase signal 
obtained by inverting the polarity of the transmission 
carrier signal (hereinafter, referred to as inverted-phase 
carrier signal) to the inverters 274 and 275. The inverter 
274 outputs a signal obtained by inverting the polarity of 
the inverted-phase carrier signal, that is, the original 
transmission carrier signal. When the incorporated 
reader/writer transmission data is set to the high value, 
the inverter 275 interrupts the output of the signal, 
whereas when the incorporated reader /writer transmission 
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data is set to the low value, the inverter 275 outputs a 
signal obtained by inverting the polarity of the inverted- 
phase carrier signal, that is, the original transmission 
carrier signal. The signals output from the inverters 274 
and 275 are superimposed with each other (ASK modulated) , 
and the superimposed signal is output to the capacitor 212 
through the terminal TP. More specifically, an ASK 
modulated transmission carrier signal is output from the 
terminal TP by driving only the inverter 274 when the 
incorporated reader /writer transmission signal is set to the 
high value and by driving both the inverters 274 and 275 
when the incorporated reader /writer transmission signal is 
set to the low value. 
[0089] 

The inverter 276 outputs a personal information carrier 
signal obtained by inverting the polarity of the 
transmission carrier signal. When the incorporated 
reader/writer transmission data is set to the high value, 
the inverter 277 interrupts the output of the signal, 
whereas when the incorporated reader /writer transmission 
data is set to the low value, the inverter 277 outputs an 
inverted-phase carrier signal. The signals output from the 
inverters 276 and 277 are superimposed with each other (ASK 
modulated) and output to the capacitor 213 through the 
terminal TM. More specifically, an ASK modulated personal 
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information transmission carrier signal is output from the 
terminal TM by driving only the inverter 276 when the 
incorporated reader /writer transmission signal is set to the 
high value and by driving both the inverters 276 and 277 
when the incorporated reader /writer transmission signal is 
set to the low value. 
[0090] 

The signal output from the terminal TP is supplied to 
the antenna 211 after the direct current component thereof 
is removed by the capacitor 212 , and the signal output from 
the terminal TM is supplied to the antenna 211 after the 
direct current component thereof is removed by the capacitor 
213. An electromagnetic wave corresponding to the signals 
passed through the capacitors 212 and 213 is radiated from 
the antenna 211, and the external non-contact IC card 
receives the electromagnetic wave. More specifically, the 
antenna 211 is driven by the incorporated reader /writer 
transmission signal as the differential signal output from 
the reader/writer transmission circuit 151. 
[0091] 

Next, the processing of the analog front end section 
111 when the non-contact IC card reader /writer 201 operates 
as the reader/writer and receives the external IC card 
transmission signal from the external non-contact IC card 
will be explained. 
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[0092] 

The external non-contact IC card transmits the external 
IC card transmission signal to the non-contact IC card 
reader/writer 201 after the signal is ASK modulated by 
changing the load of the antenna 211 electromagnetically 
coupled with the antenna of the external non-contact IC card 
by the same processing as the case in which the non-contact 
IC card reader /writer 201 described above transmits the 
incorporated IC card transmission signal to the external 
reader /writer . 
[0093] 

The external IC card transmission signal is supplied to 
the ASK demodulation circuit 14 9 through the terminals RP1 
and RM1 as a differential signal likewise the external 
reader /writer transmission signal. The ASK demodulation 
circuit 149 demodulates the ASK modulated external IC card 
transmission signal and supplies the demodulated external IC 
card transmission signal to the digital signal conversion 
unit 150. The digital signal conversion unit 150 amplifies 
the external IC card transmission signal, further subjects 
the amplified signal to A/D conversion, and supplies the A/D 
converted digital signal to the SPU 112. 
[0094] 

Note that since the ASK demodulation circuit 149 
receives the external IC card transmission signal as the 
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differential signal likewise the reader /writer receiver 
circuit 23 of the non-contact IC card reader /writer 1 of Fig. 
1, the receiving sensitivity to the external IC card 
transmission signal of the non-contact IC card reader /writer 
201 is almost the same as that of the non-contact IC card 
reader/writer 1 of Fig. 1. 
[0095] 

As described above, the antenna for non-contact IC card 
and the antenna for reader /writer are arranged as a single 
common antenna, and the ASK demodulation circuit for non- 
contact IC card and the ASK demodulation circuit for 
reader/writer are arranged as a single common circuit, 
thereby the chip of the non-contact IC card having the non- 
contact IC card function and the reader/writer function can 
be more reduced in size. Further, since the external 
reader /writer transmission signal is processed by the 
differential signal, the receiving sensitivity to the 
external reader /writer transmission signal (non-contact IC 
card function) can be improved. Further, since the external 
reader/writer power is obtained from the external 
reader/writer transmission signal subjected to the full-wave 
rectification and smoothing, a power conversion efficiency 
can be improved. 
[0096] 

Further, as described above, the front end (the full- 
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wave rectification and smoothing circuit composed of the 
diodes 231 and 232 and the capacitor 233 as well as the 
carrier detection circuit 143 for receiving the differential 
signal, the clock extraction circuit 147, and the input unit 
of the ASK demodulation circuit 149) to the antenna 211 of 
the circuit for realizing the non-contact IC card function 
is arranged symmetrical to the antenna 211. As a result, 
since the front end has good compatibility to the front end 
(the input unit of the ASK demodulation circuit 149 and the 
reader/writer transmission circuit 151) of the circuit for 
realizing the reader /writer function which is arranged 
symmetrical to the antenna 211 likewise, even if the single 
common antenna is used, the transmission efficiency of the 
reader/writer function is not deteriorated. 
[0097] 

Fig. 7 is a view showing an constitutional example of a 
non-contact IC card reader /writer 301 which is another 
embodiment different from the non-contact IC card 
reader/writer 201 of Fig. 4. The portions in Fig. 7 that 
correspond to those in Fig. 4 are denoted by the same 
reference numerals and the repeated description thereof is 
appropriately omitted . 
[0098] 

The non-contact IC card reader /writer 301 is different 
from the non-contact IC card reader /writer 201 of Fig. 4 in 
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that the semiconductor integrated circuit 101 is replaced 
with a semiconductor integrated circuit 311, diodes 312 and 
313 are additionally provided, and an intermediate tap of an 
antenna 211 is grounded. 

The semiconductor integrated circuit 311 is different from 
the semiconductor integrated circuit 101 of Fig. 4 in that 
the analog front end section 111 is replaced with an analog 
front end section 321. Note that although Fig. 7 shows only 
the analog front end section 321 as a section of the 
semiconductor integrated circuit 311 and the other sections 
are omitted likewise Fig. 4, the sections whose illustration 
is omitted are arranged similarly to the semiconductor 
integrated circuit 101 shown in Fig. 3. The analog front 
end section 321 is different from the analog front end 
section 111 of Fig. 4 in that it is not provided with the 
diodes 231 and 232. 
[0099] 

An anode of the diode 312 is connected to an external 
terminal RP1 and a cathode thereof is connected to an 
external terminal RC . An anode of the diode 313 is 
connected to an external terminal RM1 and a cathode thereof 
is connected to the external terminal RC . With this 
arrangement, in the non-contact IC card reader /writer 301, 
an full-wave rectification and smoothing circuit is composed 
of the diodes 312 and 313 connected to the outside of the 
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semiconductor integrated circuit 311 and a capacitor 233 of 
the semiconductor integrated circuit 311 in place of the 
full-wave rectification and smoothing circuit composed of 
the diodes 231 and 232 and the capacitor 233 of the analog 
front end section 111 in the non-contact IC card 
reader/writer 201 of Fig. 4. The semiconductor integrated 
circuit 311 can be designed more easily and more reduced in 
size than the semiconductor integrated circuit 101 of Fig. 4 
by disposing the diodes 312 and 313 to the outside. 
[0100] 

Fig. 8 is a view showing a constitutional example of a 
non-contact IC card reader /writer 401 which is still another 
embodiment different from the non-contact IC card 
reader/writer 201 of Fig. 4. The portions in Fig. 8 that 
correspond to those in Fig. 4 are denoted by the same 
reference numerals and the repeated description thereof is 
appropriately omitted . 
[0101] 

The non-contact IC card reader /writer 401 is different 
from the non-contact IC card reader /writer 201 of Fig. 4 in 
that the antenna 211 is replaced with an antenna 411 having 
a resonant circuit composed of a loop coil 421 and a 
capacitor 422, and diodes 412 and 413 are additionally 
provided . 
[0102] 
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An anode of the diode 412 is connected to an external 
terminal RP1 and a cathode thereof is connected to an 
external terminal RC. An anode of the diode 413 is 
connected to an external terminal RM1 and a cathode thereof 
is connected to the external terminal RC . With this 
arrangement, in the non-contact IC card reader /writer 401, a 
bridge type full-wave rectification and smoothing circuit is 
composed of diodes 231 and 232 and a capacitor 233 of an 
analog front end section 111 as well as the diodes 412 and 
413 disposed to the outside of a semiconductor integrated 
circuit 101 in place of the center-tap type full-wave 
rectification and smoothing circuit composed of the diodes 
231 and 232 and the capacitor 233 of the analog front end 
section 111 in the non-contact IC card reader /writer 201 of 
Fig. 4. 
[0103] 

With this arrangement, it is not necessary to provide 
the intermediate tap disposed to the antenna 211 of Fig. 4 
in the non-contact IC card reader /writer 401 as shown in the 
antenna 411, thereby the antenna 411 has an increased degree 
of freedom in design and can minutely adjust the number of 
windings of the loop coil 421, and the like as compared with 
antenna 211. 
[0104] 

Fig. 9 is a view showing a constitutional example of a 
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non-contact IC card reader /writer 501 which is a further 
embodiment different from the non-contact IC card 
reader/writer 201 of Fig. 4. The portions in Fig. 9 that 
correspond to those in Fig. 4 are denoted by the same 
reference numerals and the repeated description thereof is 
appropriately omitted . 
[0105] 

The non-contact IC card reader /writer 501 is different 
from the non-contact IC card reader /writer 201 of Fig. 4 in 
that an end of a capacitor 213 different from the terminal 
thereof connected to an external terminal TM is connected to 
an intermediate tap of an antenna 211. 
[0106] 

With this arrangement, when a reader /writer 
transmission circuit 151 of Fig. 9 drives the antenna 211, a 
current flows only to a half of the windings of a loop coil 
221 of the antenna 211. As a result, when the antenna 211 
is driven by flowing the same current as the reader /writer 
transmission circuit 151 in Fig. 4, the drive capability of 
the reader/writer transmission circuit 151 can be suppressed 
to one half. Further, a current also flows to the remaining 
half of the loop coil 221 of the antenna 211 by 
electromagnetic induction, thereby the transmission 
efficiency of a reader /writer function can be improved by 
the secondary radiation. 
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[0107] 

Fig. 10 is a block diagram showing a constitutional 
example of a mobile phone 601 using the non-contact IC card 
reader /writer 201 of Fig. 4. 
[0108] 

A CPU 618 extends a control program stored in a ROM 
(Read Only Memory) 619 into a RAM (random Access Memory) 620 
and controls the operation of the mobile phone 601 in its 
entirety according to the control program. For example, the 
CPU 618 controls a DSP (Digital Signal Processor) 614 based 
on an instruction from a user and transmits and receives 
various kinds of information such as audio information and 
the like to and from a base station. 
[0109] 

Further, the CPU 618 is connected to the non-contact IC 
card reader /writer 201 through terminals TXD and RXD (Fig. 
3) . The CPU 618 can rewrite and read the data stored in the 
non-contact IC card reader /writer 201 in place of the 
external reader /writer based on an instruction from the user. 
Further, the CPU 618 causes the non-contact IC card 
reader/writer 201 to operate as a reader /writer based on an 
instruction from the user to thereby cause the non-contact 
IC card reader /writer 201 to carry out short distance 
wireless communication with an IC card placed in the 
vicinity of it making use of electromagnetic induction. 



- 50 - 

S05P1158 

[0110] 

Communication is carried out in a transmission unit 612 
and a receiver unit 613 based on, for example, PDC (Personal 
Digital Cellular) system, or W-CDMA (Wideband-Code Division 
Multiple Access) system, 
[0111] 

When audio information is supplied to the transmission 
unit 612 from the DSP 614, the transmission unit 612 
subjects the audio signal to predetermined processing such 
as analog to digital conversion processing, frequency 
conversion processing, and the like, and transmits a 
resultant audio signal from an antenna 611 through a radio 
channel having a predetermined transmission carrier 
frequency selected by the base station. 
[0112] 

In for example, an audio phone call mode, the receiver 
unit 613 amplifies the RF signal received by the antenna 611, 
subjects it to predetermined processing such as frequency 
conversion processing, analog to digital conversion 
processing, and the like, and outputs resultant audio 
information to the DSP 614. 
[0113] 

The DSP 614 subjects the audio information supplied 
thereto from the receiver unit 613 to, for example, spectrum 
inverse-diffusion processing, and outputs resultant data to 
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an audio processing unit 615. Further, the DSP 614 subjects 
the audio information supplied thereto from the audio 
processing unit 615 to spectrum diffusion processing, and 
outputs resultant data to the audio processing unit 612. 
[0114] 

The audio processing unit 615 converts a user's voice 
collected by a microphone 617 into audio information and 
outputs it to the DSP 614. Further, the audio processing 
unit 615 converts the audio information supplied thereto 
from the DSP 614 to an analog audio signal and outputs a 
corresponding audio signal from a speaker 616. 
[0115] 

A display unit 612 is composed of an LCD (Liquid 
Crystal Display) and the like and displays a corresponding 
screen based on the information supplied from the CPU 618. 
An input unit 622 detects an input from a user to various 
buttons such as ten keys, a phone call button, a power 
supply button, and the like disposed on the surface of a 
cabinet of the mobile phone 601 and outputs a corresponding 
signal to the CPU 618. 
[0116] 

Note that the mobile phone 601 may employ the non- 
contact IC card reader /writer 301, 401, or 501 in place of 
the non-contact IC card reader /writer 201. 
[0117] 



- 52 - 

S05P1158 

Although the mobile phone is used as an example in the 
above description, the present invention may be also applied 
to other equipment such as wired stationary phone, personal 
digital assistant as small information equipment, watch, 
computer, and the like on which the non-contact IC card 
function and the non-contact IC card wireless reader /writer 
function can be mounted when these functions are mounted on 
the equipment. Note that the equipment may be provided with 
a wired or wireless communication function other than the 
communication functions of the non-contact IC card and the 
reader /writer . 

Further, an IC for non-contact IC card and reader /writer or 
a module of a combination of an IC for non-contact IC card 
and reader/writer and an antenna, and the like may be 
detachably mounted on or incorporated in the equipment. 
Further, an external storage unit and the like such as an IC 
card, a memory card, and the like, in which the IC for non- 
contact IC card and reader /writer or the module of 
combination of the IC for non-contact IC card and 
reader/writer, the antenna, and the like is incorporated, 
may be detachably mounted on the equipment . 
[0118] 

As described above, when a first received signal, which 
is transmitted from a wireless reader /writer and received 
through the antenna for executing communication with a non- 



- 53 - 

S05P1158 

contact IC card or a wireless reader /writer or a second 
received signal, which is transmitted from the non-contact 
IC card, is demodulated, the first received signal is full- 
wave rectified and smoothed, a first transmission signal is 
transmitted to the wireless reader /writer through an antenna, 
and a second transmission signal is transmitted to the non- 
contact IC card through the antenna, communication can be 
made with an external wireless reader /writer for non-contact 
IC card and with an external non-contact IC card. Further, 
a semiconductor integrated circuit having the non-contact IC 
card function and the wireless reader /writer function for 
non-contact IC card and a wireless communication terminal 
can be reduced in size without deteriorating the receiving 
sensitivity and the transmission efficiency thereof. 



